Abstract-Moment descriptors have long been applied in object recognition since the early years of the development of the moment theories. Nowadays, discrete orthogonal moments have been studied and proposed for they are superior to traditional continuous ones. In this paper, a set of moment features extracted from the discrete Tchebichef moments for Chinese character recognition is presented. A new method of evaluating the variance values of each moment feature is applied in this research. Tested on a set of 6,763 Chinese characters, our newly proposed Tchebichef moment features perform very well in distinguishing all Chinese character pairs that have similar structures.
I. INTRODUCTION
Since Hu [1] introduced the moment methods in 1961, moment descriptors have been widely used in image representation, pattern recognition, and object classification. One of the applications using moment features is the Chinese character recognition. Chinese characters are very different from many other languages in conveying information, while the structure of a character is a key to its meaning and pronunciation. Many feature extraction methods applied in the Chinese character recognition systems are based on the local features, such as strokes and feature points [2] - [5] . While the existing methods are quite efficient in general, there are some difficulties to distinguish two characters when they have very close structures. On the other hand, the moment method has the advantage of utilizing the global features of the Chinese characters, therefore, it can be used as a complementary scheme to overcome the obstacles confronted by other systems. Some Chinese character recognition systems based on the orthogonal moment descriptors have been reported [6] - [8] . Recently, the emergence of discrete orthogonal moments has substantially enriched the moment methods. Moments based on Tchebichef and Krawtchouk polynomials were introduced by Mukundan et al. [9] and Yap et al. [10] in 2001 and 2003, respectively. Since the computation of discrete orthogonal moments is not involved with numerical approximation of the weight function, while maintaining the property of orthogonal, the discrete moments are superior to traditional continuous orthogonal moments in terms of calculation accuracy and speed. Since they were introduced, the discrete orthogonal moments have been productively utilized in image processing [11] - [13] , pattern recognition [14] , [15] , and many other scientific field [16] . In this research, we have utilized the Tchebichef moments in the aspect of Chinese character recognition. Four lower orders Tchebichef moments with the highest variance values are selected as features in the four dimensional Tchebichef moment space. A set of 6,763 Chinese characters, which are defined in the Chinese standard GB2312, is used as the testing characters. Our results show that the recognition ability of the four features based on the Tchebichef moments overwhelms the ones utilizing continuous orthogonal moments.
II. TCHEBICHEF MOMENTS
The definition of the n-th order classical Tchebichef Polynomial is defined as
hypergeometric function. k a is the Pochhammer symbol given by
With the definitions above, (1) can also be written as
The scaled Tchebichef polynomials are defined as
where   n t x is the discrete Tchebichef polynomial given by
(1), and  
, nN  is a constant which is independent of x .
Under the discussion above, the squared norm of the scaled polynomial is given by
where   
Which satisfies the orthogonal condition 
To make the scaled polynomial set orthogonal,   , nN  is given by
then we define the Tchebichef moment as
One method being used commonly to make computation of moments less demanding for the processor is the recurrence relation. The three-term recurrence relation of the weighted Tchebichef Polynomial with respect to n is defined as ( 1) ( ) (2 1)(2 1) ( )
III. CHINESE CHARACTER RECOGNITION Our primary task is to find efficient lower order Tchebichef moment feature functions to distinguish Chinese characters more effectively. In the view of statistics, moments with higher variance values have more power to differentiate objects. In order to select the best Tchebichef moment descriptors, we firstly calculated the variance values of lower order Tchebichef moments of a set of 6,763 Chinese characters defined in China's national standard GB2312, with the font of song. All of these Chinese characters are binary images with a size of 24 × 24. 
To measure the distance between any pair of Chinese characters in our four-dimensional Tchebichef moment feature space, the Euclidean distance is adopted as our measurement
where i and j represent any two Chinese characters, , ij [1, 6763].
In our experiment, the distances between all pairs of Chinese characters, (6763 × 6762)/2 = 22,865,703 in total, are calculated. 
For comparison, we have formed a four-dimensional Legendre moment vector with the same selection process leading to (13) . Table II shows the ten pairs of Chinese characters that have the closest distances in the four-dimensional Tchebichef moment space, compared by their distances in the Legendre moment vector space.
The (p+q)th order Legendre moment is defined as: (14) where   p Px is a Legendre polynomial of order p, which is defined as:
And
Legendre polynomials form a complete orthogonal basis within the range of [-1, 1]. moments shown in Table I , we have selected the highest four variance values as our four-dimensional Tchebichef moment The results shown in Table II indicate that by using the discrete Tchebichef moment vector, every pair in the set of 6,763 Chinese characters can be distinguished significantly.
We would like to mention that all of the ten closest pairs characters may be recognized without difficulty by other existing Chinese character recognition systems.
One of the most challenging tasks for Chinese characters recognition is to recognize some of Chinese characters that share similar structures. To address this issue, we have selected a set of Chinese character pairs which are difficult to be distinguished by other systems. d ij (T) measures the distance using discrete Tchebichef moments method while d ij (G) measures the distance using orthogonal Gegenbauer moments method [17] .
The results shown in Table III indicate that the four-dimensional Tchebichef moment based vector perform very well for all of these Chinese character pairs.
IV. CONCLUSION
A Chinese character recognition system with the Tchebichef moment-based method is described in this paper. Four Tchebichef moments with the largest variance values are selected to form a four-dimensional feature vector for the system. A set of 6,763 Chinese characters is used as the testing set, with each character has the size of 24 × 24 pixels. The results show that by using Tchebichef moment-based features, each pair of the testing Chinese characters can be distinguished significantly.
For the ten pairs of Chinese characters which are most difficult to be distinguished with the proposed system, they have very different structures and can be recognized by other existing system efficiently. On the other hand, some Chinese characters pairs with very similar structures can be easily recognized by our system. Therefore, our proposed Tchebichef moment-based recognition system can be applied as a complementary scheme with other Chinese character recognition systems to increase the successful recognition rate.
